A method to determine aflatoxin M (AFM ) levels by using an immunoaffinity column-based clean-up procedure and HPLC with fluorescence detection was validated by an inter-laboratory study among ten laboratories in Japan. Using the validated method, we surveyed AFM contamination in powdered formula. Samples for validation included a blank, three levels (blind pairs) of AFM spiked into liquid milk, naturally contaminated liquid milk, and naturally contaminated powdered formula. All samples were frozen and sent to the ten participating laboratories. For the liquid milk spiked at . , . , and . µg/kg levels, recoveries were . , . , and . %, respectively. The repeatability relative standard deviation (RSD r ) and reproducibility relative standard deviation (RSD R ) were less than . and . %, respectively. The recovery, RSD r , and RSD R of the powdered formula were . , . , and . %, respectively. The RSD r and RSD R of the naturally contaminated milk were . and . %, respectively. The Horwitz ratio (HorRat) values of all six samples were less than . . For surveillance, commercial powdered formulae were obtained in Japan. The average value of AFM in the powdered formulae was . µg/L, as ready-for-infant liquid milk ( g powdered formula in mL water). The highest contamination was . µg/L.
Introduction
Aflatoxins, a group of potent genotoxic carcinogenic compounds, are secondary metabolic products of Aspergillus flavus, A. parasiticus, and A. nomius that may contaminate various agricultural commodities ) .
Aflatoxin M (AFM ) is an aflatoxin B (AFB ) metabolite that is readily transferred to mammalian milk ) .
Research Paper
Aflatoxins containing AFM are classified as possibly carcinogenic to humans (Group ) by the International In Japan, the surveillance of AFM have been carried out in raw bulk milk in ) and in commercial liquid milk in and ) . The average level of AFM in raw bulk milk was less than . µg/kg and that in commercial liquid milk was . µg/kg. These levels were below those deemed permissible by the Codex Alimentarius Commission. However, the surveillance of powdered formula has not yet been undertaken in Japan. Before such monitoring takes place, the analytical methods for powdered formula and liquid milk must be validated with an inter-laboratory study. Several validated analytical methods that include TLC ) , HPLC , ) , and lateral flow assay ) have been reported for the determination of AFM . Immunoaffinity columns (IACs) ) are the most popular method for the clean-up of AFM samples from milk. Regulations regarding AFM have not existed in Japan yet. In this study, we conducted an inter-laboratory study for the validation of AFM in powdered formula and liquid milk. Using this method, the surveillance of powdered formulae was conducted for the first time in Japan.
Materials and Methods
Standard and reagents An AFM (Wako Pure Chemicals, Osaka, Japan) standard stock solution ( . µg/ mL) was in a sealed amber glass bottle. The AFM concentration was determined according to the molar absorptivity of AFM in acetonitrile ( , ) at the maximum adsorption near nm )
. AFM standard stock solutions were stored at C until use. HPLC grade acetonitrile and water were used. The IACs (Horiba, Kyoto, Japan) were stored at C.
Fortification procedure and samples for inter-laboratory study To evaluate recovery, AFM solutions at three different concentrations were added to liquid milk ( . g, blank), which was purchased from a supermarket located in Tokyo, and stirred gently. The final concentrations of AFM in the liquid milk were . µg/ kg (A), . µg/kg (B), . µg/kg (C), and blank (D). Naturally contaminated raw milk was prepared by feeding cows with AFB contaminated feed. Naturally contaminated powdered formula ( . µg/kg), which was a surplus sample of the food analysis performance assessment scheme (FAPAS), was purchased from GSI Creos Corporation (Tokyo, Japan).
Pretreatment
The artificially and naturally contaminated liquid milk samples and the blank were warmed to C, stirred gently to mix using a glass rod or magnetic stirrer, and sonicated for min. At least mL of milk was transferred to a mL plastic centrifuge tube. After min centrifugation at rpm at C or room temperature, an upper layer of fat was removed. The milk was filtered through a glass fiber filter in a glass funnel and transferred to an Erlenmeyer flask or beaker. Exactly . g of filtrate was weighed for purification by IAC. To spike, AFM solutions ( L) were added and gently stirred and sonicated in minutes and loaded onto an IAC.
Powdered formula ( . g) was weighed, mixed with water ( mL, C), and sonicated for min to obtain a homogeneous mixture. This was allowed to cool to room temperature ( C). The sample was diluted to mL with water. The solution was filtered through a glass fiber filter. If necessary, the milk was centrifuged for min at rpm at C or room temperature. The filtrate sample ( mL) was loaded on an IAC immediately after filtration.
Purification by IAC The loaded samples of pretreated liquid milk and powdered formula solution were dropped at a flow rate of -drops s . The IAC was then washed with water ( mL). AFM was eluted with acetonitrile ( mL) and the eluate was collected in a silanized amber screw top vial. After solvent evaporation under nitrogen gas, HPLC injection solution ( mL, acetonitrile:water ( : , v/v)) was added and agitated using a mixer. The solution was transferred to a silanized amber vial for HPLC injection. The silanized amber screw top and HPLC vials were washed with -% acetonitrile solution before use.
HPLC conditions The HPLC column was octadecyl silylied gel ( -m particle size; diameter: -. g/kg were raw data minus . For the powdered milk sample, the AFM mass concentration of the test sample was calculated using the following equation.
The AFM mass concentrations in the surveillance samples as liquid milk (powdered formula/water = g/ mL by the conventional manufacturer s manual) were calculated using the following equation.
Wl = Wa/ (Ws/ . ) / .
The limit of detection (LOD) was calculated with a signal/noise (S/N) ratio of : , and the limit of quantification (LOQ) was calculated with an S/N ratio of : .
Inter-laboratory study To validate the method, an inter-laboratory study was carried out using six samples (a blank, three spiked liquid milks, one naturally contaminated liquid milk, and one naturally Surveillance of powdered formula The samples for the surveillance comprised brands with different product lot numbers that were purchased or obtained from six manufacturers of infant powdered formulae in in Japan. The samples were dissolved in hot water in the same manner as in the validated inter-laboratory method.
Statistical analysis The precision parameters; the inter-laboratory relative standard deviations for repeatability (RSD r ) and for reproducibility (RSD R ) were deduced as recommended by the AOAC ) .
Results and Discussion
Validation of method for detection of AFM 1 In Table , the results of the inter-laboratory study are
shown. Ten laboratories returned results, but because of the incomplete results from laboratory , its data were omitted from the statistical analysis. Outliers were determined by the Cochran and the Grubbs tests ) .
For samples A, B, C (spiked AFM in liquid milk), and D (blank), laboratory was an outlier by the Cochran test. For the powdered formula, laboratory was an outlier by the Cochran test. For the naturally contaminated milk, the results from laboratory were omitted because only one result for duplicate samples was reported. Vol. 64, No. 1, 15-21 (2014) The data for the blank sample (D) showed that the AFM concentration of commercial liquid milk in Japan was . µg/kg (average). This value was nearly equal to the average for Japanese commercial liquid milk reported by Nakajima et al. ( . µg/kg) ) . All spiking data (A: . ; B: . ; C: . µg/kg) were subtracted from the blank ( . µg/kg). The LODs for the majority of the participants were under . µg/ kg or equal to, except for laboratory , and .
Table shows the average levels, precision parameters, and Horwitz ratio (HorRat) values for this method. The recoveries of the spiked samples (A, B, and C) were acceptable, in the range . -. %. The recovery for the powdered formula ( . %) was also acceptable. The RSD r s of samples A, B, and C were very low, < . %. The RSD r s of the naturally contaminated powdered formula and liquid milk were . % and . %, respectively. The RSD R s of the spiked samples (A, B, and C) were less than . %, whereas those for the naturally contaminated powdered formula and milk were . % and . %, respectively. The HorRat values were calculated using RSD R / ) . HorRat values for the spiked samples (A, B, and C) were less than
. , whereas those of the naturally contaminated powdered formula and liquid milk were . and . ,
respectively. According to the criteria of the EU ) , the precision parameters and HorRat values in this method are adopted as the method for the surveillance of powdered formula as well as liquid milk.
In another inter-laboratory study of an analytical method for the determination of AFM using an immunoaffinity column as a clean-up procedure and HPLC with fluorescence detection, the recovery of a . µg/kg spiked sample of liquid milk ) was %. The RSD r s and RSD R s of spiked and naturally contaminated samples were in the ranges -% and -%, respectively. In the cases of low and high fat powdered formulae ) , the RSD R s for the AFM concentration range of . -. µg/kg were -%. Compared to the other two inter-laboratory studies, this method is superior in terms of the analysis for both liquid milk and powdered formula as a validated method.
Surveillance Using the method validated in this study, a survey of AFM levels in powdered formulas was performed. The LOD was . µg/L (as ready-for-infant liquid milk; g powdered formula in mL water). The average value was . µg/L. The distribution of AFM contamination showed that samples were lower than the LOD; samples were at the LOD . µg/L; samples were . -. µg/L; 
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